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Abstract 

Spin dependencies of the intensity and polarization of the synchrotron radiation of the 
longitudinally polarized particle performing uniform circular motion in the magnetic field 
are investigated. 

As it is well known, the synchrotron radiation (SR) of the polarized particle contains a 
contribution due to the spin. Quantum mechanical theory of the spin dependence of the 
characteristics of the SR from polarized electron was developed by Sokolov and Ternov 0. 
In was suggested, that the spin dependence of the SR may be used to measure the degree 
of the beam transverse polarization. In 0] a method to measure the degree of the beam 
longitudinal polarization using SR was proposed. All estimations in these papers were based 
on the quantum electrodynamics . 

Note, that as the spin of the particle is of the order of the Planck constant h, the 
contribution of the spin in the characteristics of the SR to the first order of h is of classical 
nature. The semiclassical theory of the SR was developed in [Q, however they did not 
consider the case of longitudinal polarization of the electrons. 

On the other hand, it is well known, that the spin of the electron can be described by 
Grassmann variables already at the "classical" level in pseudoclassical theory of relativistic 
spinning particle (after quantization this theory results in a Dirac theory of the electron) 
The consistent description of the spin in external fields using Grassmann variables already 
at the classical level allows to investigate spin effects in radiation processes using classical 
equations of motion. 

Lienard-Wiechert potentials for the relativistic spinning particle with anomalous mag- 
netic moment in the pseudoclassical approach were constructed in ||. In the latter the 
general expressions for the Lienard-Wiechert potentials were used for investigation of some 
specific cases of the motion of the spinning particle. In particular, the spin dependencies of 
intensity and the polarization of the SR of the transversely polarized particle performing uni- 
form circular motion were investigated. It is important to stress, that within our approach 
the evaluation of the formulae, describing the spin dependence of the measurable character- 
istics of the relativistic particle radiation is much easier, than in quantum electrodynamics. 
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In this paper general expressions obtained in || will be used for investigation of the 
spin dependencies of the intensity and polarization of the SR of the longitudinally polarized 
particle performing uniform circular motion in the magnetic field. 

Pseudoclassical theory of the interaction of the relativistic spinning particle with anoma- 
lous magnetic moment (AMM) with electromagnetic field is a sample of the constrained 
theories. Acting in the standard way, when additional constraints are introduced into the 
theory for complete fixation of the gauges and keeping only terms up to second order in 
Grassmann variables (which is equivalent to keeping only terms, which are of the first order 
in spin) , we obtain for the potentials of the electromagnetic field the equation (for details 
seep) 

DA" = f, (1) 

where j M is given by the expression 

r(y) = g J drx^(x(r) - y) + A J dr6(x(r) - y)p^(r). (2) 

Here y is observer's coordinate, g is the charge, x^ -the coordinate of the particle, the overdote 
denotes the differentiation over r along the trajectory, p^ u is the tensor of the dipole moment 
of the particle. 

As it was done in ||, here also the physical constraints fixing the gauges of the theory 
will be chosen in the form 

<V^ = 0, x 2 =l, q l >=p flv x=Q. (3) 

The second relation in (§) means that the parameter r becomes a proper time of the particle, 
while the third relations corresponds to the fact, that the electric dipole moment of the 
particle g M is equal to zero, as it should be for a point particle. 

The first summand in (0) corresponds to the current of the particle without a dipole 
moment and the second term corresponds to the contribution to the current of the dipole 
moment of the spinning particle. 

In the chosen gauge for the theory of the particle without AMM considered here p^ is 
given by the expression f5[: 

?V = A^ uXa W x x°. (4) 

Here denotes the pseudoclassical analog of the Pauli- Lubansky vector, which is con- 
nected with the vector of the particle spin in the particle rest frame by the relation 

W H ( /-*v C . 2 V iC"S) . 

— = \l(vS), Si + j —— — ), (5) 
m \ 7 + 1 

where v = (v l ) = dx l /dt is three dimensional velocity of the particle, dt/dr = 7 = 
(y/l — v 2 ^j (in pseudoclassical theory the tensor p^ v and vectors W\ and Si are quadratic 
in Grassmann variables; their explicit expressions are irrelevant for this investigation). 
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The solution of the equation (j^) (with the current represented in the form of (0)) in terms 
of the retarded fields was found in |J. Here we will present only that part of the general 
expression, which corresponds to the particle radiation field: 



2np 



[H 



(6) 



where p =x v R v , k^ = R^/p, = — x^(r), R^R^ = 0; all quantities in (||) are evaluated 
at the retarded time r r defined by the equation t = t (r r ) = t — R(t ) and P^ u is given by 
the expression: Q. 



n 



3{x k) p» v + 3(x kfp^ - (x k)p^. 



(7) 



In formulae (^ the first term corresponds to the contribution of the charge of the particle, 
the second -to the contribution of the dipole moment. 

Consider now the case of the longitudinally polarized particle (v\ \S) moving in the homo- 
geneous magnetic field B. As it is well known, the angular velocity of the particle without 
anomalous magnetic moment in this case is equal to the spin precession angular velocity and 
the chirality of the particle doesn't change during its motion. Then we have the relation 



\va) 



x- s s*, 

= (Sa) 



A = ±1, 

: o, 7= 0, Q= 0, 



(9) 



where a — dv/dt. 

Taking into account these relations and also the expressions (P) we obtain for the com- 
ponents p 0i and Pij of the dipole moment tensor (|J) and their derivatives relations 



Pot =Poi=Poi= 0, 



(10) 



Pij — ^ijkSk-, P 

m 



ij — S k — — 7 — (uJiSj — UJjSi)), 

m m 

m 2^2 o 

Pij = 1 £ ijk^k- 

m 



[ID 



Returning now to the formula (|5|) we find for the contribution of the dipole moment of 
the particle to the particle radiation field (denoted by Ef ip ): 



E 



dip 



Oi J 



47rp 



(P\,0i ~ Pl,io) 



Anp 



T ol k l ki - T iX k% 



Airp 



(Sijk kikj^j Tqj + Tijkjko , (12) 



^^Hcre and below square brackets [. . .] denote complete antisymmetrization:e.g., 

■^■[a/3f] = 1/3! {A a pj + Apj a + A^ a p — Ap a j — A a ^p — A^p a } ; 
round brackets (...) denote complete symmetrization: e.g., 

A( a /3j) = 1/3! {A a p 1 + Ap ia + A ia p + Ap ai + A ai p + A lf 3 a } . 
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where Toi and Tij are components of the tensor T^ v . It is easy to see that the components 
T 0i are identically zero due to the relations (|II]). Now taking into account the relations 



x' 



x' 



x' 



7 (1, if), P = 1 {R-{vR))= 1 R{l-{vn)), 7 = 



(^j 4 (va), 7 2 a + 7 4 {7({7a)) , k a = 
a , ^da/dt + 37 5 (ua)a+ a° v 




R 



-n 



n 



R a 



(13) 



, a°= 7 5 



we transform the formula (|T2|) into 
i? 2 



dip 



+ BijkUjSk I ■ 



1 



47ri2(l — (nv)) 3 7777 



3 fan) 



(vda/dt) + a 2 + 47 7 (-ua) 



(cOi(Sn) - Si(ujn)^ + 



3 (an) 



uj- 



(nv)y 



[nv) 



(14) 



Substituting expressions ( |i~3l) into first term of the formula @ we get the well known 
expression for the strength of the electric field Ef of the spinless charged particle radiation: 



E 



ch 



47ri?(l - (vn)) 3 



(an) — aAl 



{vn))] 



(15) 



E 



rad 



-irad 
Oi 



+ P . 



The intensity of the SR is known to be proportional to (i^ rad ) 2 = (^Ef 1 + E? P ) . The 
contribution to the radiation intensity of the dipole moment of the particle to the first order 
in spin evidently will be defined by the term 2E^ h Ef ip . Using expressions (|14]) and fli"5D , we 
find 



2E? h E? ip 



f— V 

\4RirJ 
^{9 



XSv 



7717(1 — (vn))' 



:uj 2 (ujn) 



XSvu 3 



\ARti J 7717(1 — t>cos#) 6 



sin 6* sin <p, 



(16) 




where # and tp are angles, defining the direction of the vector 
n in the coordinate system, defined by the vectors v, a, B (see 
Fig.l). Taking into account the expression ([if]) we write for 
the contribution of the dipole moment to the intensity of the 
synchrotron radiation in the first order of spin 



dI di P 
dtodQ 



47T/ (1-7JCOS6*) 5 



2A uj 3 vS sin 9 sin (p 



7717 



(17) 



From (|T^) one can see that the integral contribution of the dipole 
moment of the particle to the intensity of the SR in the first order 
of spin for longitudinally polarized particle is equal to zero. 



Integrating fll?!) over the upper hemisphere (0 < ip < ir, < 9 < ir), we get 

d& g*A + v 2 



up y^i^ 3 \ o 6 



tito 47r 8m 
From (|17D, taking into account, that 



cit 



dt 



and that 



AT tot 2 2 fln-dw 

^upidown) _ g 0- 4 ux up(down) 

cito 47r 3 (ito 



(19) 



(20) 



we find for the asymmetry of the SR into upper (up) and down (down) hemispheres the 
expression 



<P P dZ*. 
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ill 







fit 







3(4 + v 2 



rtot 



dl tot d7 1 ' 



dto dtQ 
In ultrarelativistic case we have 



5 = —uj 2 XS. 

8m 



(21) 



(22) 



Now taking into account that S = 1/2, the relation um^ = gB and introducing the 
Shwinger field Hq = m 2 /g = 4.41 • 10 9 T, we can rewrite the last equation in the form 



16 H 



(23) 



For LEP energies of E = A5Gev wiggler magnetic fields B = 2T we find for A = 1 5 = 
— 0, 38 ■ 10~ 4 , which coincides with the calculations based on the quantum electrodynamics 



To investigate the characteristics of the polarization of 
SR we resolve (following |7j) the electric field strength E r3,d 
into components along the vectors e = a/a and [n, e]: 



£ rad = E x e + E 2 [n,e\ 



(24) 



This choice of unit vectors is suitable for description of the 
radiation of the relativistic particles using angles defined 
on Fig. 2, which are appropriate since the main contribu- 
tion to the radiation comes from small (~ I/7) angles (3 
and ip, in accordance with the fact, that the angle between 
vectors n and v is of the order of (~ I/7). As it was men- 
tioned in 0, the vector E is not orthogonal to vector n, however this deviation is of the 
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order of I/7, so that the decomposition fl2~4|) can be used for calculation of major terms 
(with accuracy I/7). From formulae (|T4l) and ([15|) we get according to decomposition (fjl]) 
the expressions for Ei and E 2 : 

jji ga (, ,2 2 , 4aAS/3(/i 2 -5^ 2 ) ^ 

^ _ 7Ti?(^ + ^ /* J + ^ (/i2 + ^ 2)2 j ^ . l^J 

2^a / Aa\S^-^) \ 
2 KR(n 2 + ip 2 ) 3 V m 7 (/x 2 + V 2 ) 2 / T=Tr ' 

where /1 2 = 7~ 2 + /? 2 . 
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